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ABSTRACT OF THE DISCLOSURE 
Method for producing a shell of nonuniform thickness 

wherein hardenable shell forming materials are fed onto 
an envelope which is both rotated about a longitudinal 
axis and simultaneously advanced along the axis at a gen 
erally constant rate. The materials are fed onto the en 
velope from applicator means at a generally uniform and 
preferably uninterrupted rate. Nonuniform shell thickness 
is obtained, however, by moving the applicator means in 
one of the directions of envelope movement for a por 
tion of a programmed cycle to give a thick shell section 
and returning the applicator means in the opposite di 
rection of envelope movement to the starting point of the 
applicator means during another portion of the cycle to 
give a thinner shell section. The movement of the appli 
cator means may be longitudinally of the envelope, or 
may be circumferentially of the envelope. 

BACKGROUND OF THE INVENTION 
The present invention relates to the manufacture of 

tubular products of nonuniform wall thickness, and more 
particularly to pipe or shells of fiber reinforced plastic 
materials. An example of such a product is a large diam 
eter shell which is to be disposed vertically and used as a 
storage tank and the wall thickness of which is reduced 
in steps proceeding from bottom to top in a manner com 
pensating for the decrease in load. Further examples are 
culverts or storage tanks which are buried underground, 
and the internal bursting pressure of which is low while 
the major strength consideration is the resistance to earth 
pressure. In order to obtain maximum strength with the 
use of minimum materials, annular stiffening ribs or belts 
of increased wall thickness are frequently provided on the 
underground tanks at right angles to the axis of revolu 
tion. 
The most frequently used method of producing plastic 

shells having wound reinforcement therein is a discon 
tinuous process wherein a slide or carriage which sup 
ports the spools of continuous filaments is caused to re 
ciprocate axially of a rotating mandrel until a desired 
thickness of filament winding is produced. The laminate 
is impregnated with resin either simultaneously with the 
winding or on the completion of the winding, and when 
the resin has been cured, the mandrel is withdrawn. There 
after the mandrel is remounted and made ready for the 
winding of another shell. In this process, the mandrel is 
normally supported at both ends. 

Recently methods have been devised which differ from 
the discontinuous method described above in that the fila 
ment winding is carried out continuously in a continuous 
process. In this recent process, the winding man 
drel is supported at one end only, and the surface of 
the mandrel moves past the reinforcement feeding appa 
ratus at a constant rate that is dependent upon the speed 
of rotation of the mandrel. A heating chamber is pro 
vided adjacent the free end of the mandrei for curing the 
resin applied to the Wound reinforcement to produce a 
rigid and fully cured shell which advances off of the free 
end of the mandrel. The present invention is intended for 
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2 
use in this type of apparatus wherein the axial displace 
ment of the shell per revolution of the mandrel is con 
stant as determined by the construction of the apparatus, 
and in which a variation of this axial displacement is not 
feasible. 

In contrast to the discontinuous process above decribed, 
the reinforcing materials used in the continuous process 
are generally fed from one or more stations which are 
stationary relative to the mandrel, and which utilize the 
longitudinal displacement of the mandrel surface or en 
velope to spirally wind the complete thickness of rein 
forcement in one pass. In the continuous process there is 
no reciprocating movement of the carriage and therefore 
no cross winding of the filaments. The continuous process 
produces a spiral winding pattern having a relatively low 
pitch; and if the reinforcement is provided exclusively by 
continuous filaments, as for example glass fiber rovings, 
a special reinforcement must be introduced into the con 
tinuous process for obtaining the necessary strength in the 
longitudinal direction of the shell produced. In one com 
monly used continuous process, the special reinforcement 
used is a glass fiber matting, the fibers of which are ran 
domly oriented and bonded together by a binder resin to 
produce a resin bonded laminate having substantially the 
same strength in all directions. The matting is supplied in 
the form of long strips having a width which is a mul 
tiple of the longitudinal displacement per revolution of 
the mandrel. If for example a matting strip having a width 
of 40 centimeters is used, and the mandrel displacement 
per revolution is 8 centimeters, a spirally wound 5 ply 
laminate is produced. Each revolution of the 40 centimeter 
wide strip results in 32 centimeters of the strip being over 
lapped, so that after five revolutions a 5 ply laminate is 
produced. Where such a matting is the only reinforce 
ment material used, the strength of the resulting shell 
will be substantially the same in both the longitudinal and 
the circumferential direction of the shell. Often however 
a shell having a greater strength in the circumferential di 
rection is required, and in this case the matting is com 
bined with filament rovings, which as indicated above, 
are wound at the pitch determined by the longitudinal dis 
placement of the mandrel. By introducing spirally wound 
filament rovings, it is possible to obtain a longitudinal to 
circumferential strength ratio of 1:2, 1:3 or 1:4. In the 
prior art continuous process, the rovings are sometimes 
distributed uniformly over the region in which the matting 
is applied, so that the rovings are distributed uniformly 
throughout the entire thickness of the shell. In other in 
stances, the prior art has attempted to introduce the rov 
ings in the form of a narrow strip grouped in the center 
of the strip of matting, and in this case, the rovings are 
concentrated in a layer in the center of the shell thick 
ness with layers of matting below and above the layers 
of Wound roving. Chopped glass fibers can be used in lieu 
of the matting strips by chopping the rovings into short 
fibers and projecting the fibers and resin onto the mandrel 
with pressurized air. The width of the layer of chopped 
fibers can be varied as described above for the matting to 
produce the desired spiral lap or build-up, and the result 
ing product will be substantially identical. The fibers can 
be allowed to fall freely onto the surface of the mandrel, 
or can be incorporated with the continuous filament rov. 
ings to in this manner carry the chopped fibers to the 
mandrel. In this case the continuous rovings hold the 
chopped fibers down onto the surface of the landrel as it 
revolves. In some cases the chopped fibers are not ran 
domly oriented but are oriented generally parallelly to 
the axis of the mandrel to increase the longitudinal to cir 
cumferential strength ratio of the product produced. All 
of the variations above described can be used in the 
continuous process of the present invention later to be 
described in detail. 
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As previously mentioned, it is possible to use a gradu 
ated wall thickness of shell, in which the thickness de 
creases with height, for those shells which are to be used 
for vertical tanks or air shafts, because the load on such 
shells decreases with height. A need for nonuniform wall 
thickness also exists for underground storage tanks or 
culverts which are to be buried underground. In these 
instances the internal bursting pressure is low and the 
resistance to earth pressure is the controlling design con 
sideration. To increase the resistance to external loads, 
stiffening ribs or belts of increased wall thickness are fre 
quently used, and these ribs or belts may be solid or 
hollow bands or rings. One method, not in accordance 
with the present invention, of producing the stiffening ribs 
is to feed preshaped reinforcement materials in a narrow 
ribbon to the rotating mandrel from a stationary winding 
station. This results in a helical rib of a low pitch per 
revolution which is equal to the longitudinal displacement 
of the mandrel per mandrel revolution. In those instances 
where a greater distance between ribs is desired, it has 
been proposed to supply the material for the winding of 
the ribs from a station which winds the rib only and 
which is moved along at the same axial displacement as is 
the mandrel. This special winding station is independent 
and in addition to the stationary feeding station which 
produces the bulk of the shell. The special rib winding 
station is mounted on a carriage or slide which is moved 
longitudinally of the mandrel and is coupled to the driving 
mechanism of the mandrel in such manner that it moves 
along with the mandrel while the rib is being wound, and 
then rapidly returns to the starting point in time to com 
mence the following rib. In this process of independently 
winding a rib over the top of the shell produced by the 
primary shell winding station, the rapid return of the 
special winding station to its starting point produces a 
high pitch helical band of the rib forming materials on 
the surface of the shell between ribs. This high pitch heli 
cal band of winding material must be later removed where 
sleeves or container bottoms are to be fitted over the 
shell; and in addition, constitutes a waste of the reinforce 
ment materials because these high pitch helical bands do 
not contribute to the rigidity of the shell produced. Be 
cause of these deficiencies, the commercial prior art con 
tinuous shell forming processes add the stiffening ribs to 
the shell as a separate operation which is done after the 
shell is removed from the mandrel. In addition the prior 
art has only been able to vary the thickness of pipe or 
shell produced by manually varying the number of strands 
or the amount of chopped fibers or mat that is fed to the 
mandrel. The stopping and starting of strands or matting 
is not suited to automation. The prior art, therefore, has 
regarded the continuous process as being capable of pro 
ducing a uniform cylindrical shell only. 
An object of the present invention is the provision of 

a method whereby a continuous shell producing process 
can be utilized to produce a shell of graduated wall thick 
nesses and/or the winding of stiffening ribs that are per 
pendicular to the longitudinal axis of the shell, while 
avoiding the above mentioned difficulties. 
A further object is the provision of a method which 

is suited for automation and which can be incorporated 
into existing continuous process machinery that is now 
capable of producing a uniform thickness of shells only. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic oblique view of one embodiment 

of apparatus for carrying out the method of the present 
invention; 

FIG. 2 is a shell of graduated wall thickness having a 
section removed and which can be produced by the ap 
paratus and method depicted in FIG. 1; 

FIG. 3 is a fragmentary oblique view of another em 
bodiment showing the drive mechanism for the carriage 
in an enlarged somewhat schematic manner; 
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4. 
FIG. 4 is an oblique view of a mandrel with a shell 

thereon being produced by the apparatus shown in FIG. 3; 
FIG. 5 is a somewhat schematic view of another em 

bodiment of the invention for forming pipes with longi 
tudinal ribs; 

FIG. 6 is a pipe produced by the equipment shown 
in FIG. 5; and 
FIG. 7 is a schematic view of still another embodiment 

of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, the above stated 
objects are achieved by feeding the major part of the re 
inforcing materials (that is all but the inner and outer 
surface layers from a single station that is moved from 
a starting position for a predetermined distance, and is 
then moved back to the starting position in a programmed 
cycle while the mandrel is advancing. When the man 
drel is both rotated and moved longitudinally, and the 
station is moved longitudinally, bands of different thick 
ness are produced. When the mandrel is both rotated 
and moved longitudinally and the station is moved radial 
ly, longitudinal bands of different shell thickness are pro 
duced. 

According to one embodiment of the invention, a longi 
tudinal variation in the shell thickness is provided by 
mounting the shell winding station i.e. the station which 
feeds the major portion of the reinforcement material 
for the shell, on a carriage or slide which is moved longi 
tudinally of the axis of rotation of the mandrel. The car 
riage is moved at various programmed rates with each 
programmed rate being in timed relation to the rotation 
of the mandrel. The axial movement of the main shell 
winding station therefore results in a pitch of wound 
materials which is different than the pitch of the surface 
of the mandrel; and which is lower than the pitch of 
the surface of the mandrel when the main winding station 
moves in the same direction as the mandrel surface, and 
higher than the pitch of the mandrel surface when the 
main station moves in the opposite direction. 

In the embodiment shown in FIG. 1, a width of rein 
forcement materials is used that is substantially greater 
than is the displacement per revolution of the mandrel 
surface, or envelope, on which the materials are wound. 
This results in a laminated shell comprising a plurality 
of overlapping layers of reinforcement materials, which 
preferably are a combination of short randomly oriented 
lengths of glass fibers supplemented with continuous rov 
ings, and which materials are wound in low-pitch helical 
angle. The mandrel 1, is mounted on a journal 2, which is 
Supported on bearings not shown, and is caused to be 
rotated by a motor (not shown) in the direction indicated 
by the arrow. The mandrel has an exterior surface, or 
envelope, thereon that is adapted to be moved longitu 
dinally of the axis during this rotation in a manner taught 
by the prior art to continuously feed the product wound 
on the mandrel towards its free end. At the free end, 
the product is cut into desired lengths by a cutting unit, 
not shown, which works in synchronism with the axial 
movement of the envelope. The reinforcement materials 
may be fed from either side or both sides of the mandrel. 
In the arrangement illustrated, a cellophane tape 3 used 
to prevent contact between subsequently applied resin and 
the surface of the mandrel is fed from one side of the 
mandrel. The cellophane tape is later removed from the 
inside of the finished product. A layer 4 of a surface re 
inforcing matting is next fed to the mandrel, and the pur 
pose of this surface matting is to provide omnidirectional 
reinforcement for a highly resinous, chemically resistant 
inner surface layer. A similar layer of matting 5 is applied 
Subsequent to the main body of reinforcing material to 
reinforce an outer surface layer. The cellophane and sur 
face reinforcing materials 3, 4, and 5 are therefore always 
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wound at the constant pitch as determined by the move 
ment of the envelope of the mandrel. 
A carriage which rolls along two rails 7 is positioned 

on the opposite side of the mandrel from stations 3, 4, 
and 5. The carriage is moved in the longitudinal direction 
of the mandrel by means of a lead screw 8 that is driven 
by a gearbox. 9, and the input shaft of which is driven from 
the mandrel shaft by the chain sprocket 10. The gear box 
9 contains various transmission elements, including a pro 
grammable forward, reverse and release mechanism by 
means of which the operator may cause the carriage to 
reciprocate at any arbitrary rate along the rail 7 or to stop 
when this is desired. The carriage is provided with a roll 
support 11 for the matting material, and a plurality of 
roving packages 12 from which glass fiber matting and 
roving elements are fed to the underside of the rotation 
mandrel. The carriage is further provided with a piping 
system 13 from which resin is metered to the upper sur 
face of the mandrel in proportion to the amount of rein 
forcement material being fed to the mandrel. It will be 
apparent that still other combinations of reinforcement 
materials can be used in lieu of the matting and roving, 
and that these materials can be applied by the carriage 6. 
The operation will now be described as being used to 

produce the shell of the vertical storage tank illustrated 
in FIG. 2. The reinforcement material used in a glass 
fiber chopped strand matting having a weight of 1450 
grams per Square meter and a width of 40 centimeters. 
This matting is supplemented by a plurality of continuous 
strand rovings in an amount to obtain a longitudinal to 
circumferential strength ratio of approximately 1:3. The 
longitudinal displacement of the mandrel surface per rev 
olution is 80 mm. and when the carriage 6 is kept sta 
tionary, a spirally wound laminate containing 5 layers of 
mattings and 5 layers of roving is produced. The thick 
ness of the finished shell is approximately 6 mm. 
The shell shown in FIG. 2 has a total length of 8 meters, 

the first third of which has a shell thickness of 9 mm. 
the center third of which has a thickness of 6 mm., and 
the last third of which has a thickness of 4 mm. The 9 
mm. thick section is produced by winding the 40 cen 
timeter wide band of reinforcement materials at a pitch 
of 53 mm. per revolution to give an average thickness of 
approximately 7.5 layers. The length of the 9 mm. thick 
section is 2.66 meters, so that when it is wound at a 53 
mm. pitch, a total of 50 revolutions of the mandrel is 
required. During 50 revolutions of the mandrel its sur 
face moves 80 mm. per revolution for a total displace 
ment of 4 meters. During the initial 50 revolutions of 
the mandrel, therefore, the carriage travels 4 minus 2.6 
or 1.34 meters towards the right as seen in FIG. 1, and 
the gearbox. 9 is adjusted or programmed to give this 
ratio. The next 2.6 meters of pipe is obtained using a 
winding pitch of 80 mm. per revolution, and this is ac 
complished by keeping the carriage stationary during the 
next 33 revolutions. The last third of the shell is wound 
at a pitch of 120 mm. per revolution to produce a section 
that is 2.66 meters long and requires 22 revolutions of the 
mandrel. During the 22 revolutions of the mandrel, the 
mandrel surface will move 1.76 meters, so that the car 
riage travels 0.9 meter to the left. Since the carriage trav 
eled 1.34 meters toward the right during the formation of 
the first third of the shell, a slight movement of 0.44 
meter toward the left is required to return the carriage 
to its starting position. This 0.44 meter can be used to 
provide an additional length of one of the sections, or 
another fragmentary shell, or a pitch smaller than 120 
mm. can be used to produce the third section. This smaller 
pitch will produce a slightly thicker wall thickness for the 
third section but will allow the process to proceed con 
tinuously without interruption between 8 meter long shell 
sections. If the latter is done, manual operation of the 
gear box 9 can be replaced by an automatic programming 
of the gear box. 

O 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
FIG. 3 of the drawing shows a completely automatic 

machine wherein the gear box has been replaced by a 
cam which mechanically controls the cyclic movements of 
the carriage 6. Those portions of the embodiments shown 
in FIG. 3 which are the same as those shown in FIG. 1 
are designated by a like reference numeral. The chain 10, 
which is connected to the shaft of the mandrel, drives 
a gear 14 which in turn drives the intermediate gear 15, 
that in turn drives the gear 16 whose shaft rotates the 
worm 17. The worm 17 in turn drives a gear 18 on whose 
shaft a cam 19 is mounted which abuts a cam follower 20 
that is fixed to a rack 21. The rack 21 engages a gear 23 
which in turn drives a larger gear 24 which is in engage 
ment with a driven rack 25 that is fixed to the carriage 6. 
As previously indicated, the gear 14 is driven by the 
mandrel shaft through the chain and sprocket 10, and the 
gears 4 and 16 are adapted to be quickly removed from 
their shafts, and gears of different sizes substituted there 
for. The intermediate gear 15 is mounted on a shaft 
whose position can be adjusted, so that it will accom 
modate gears 4 and 16 of different sizes. By this arrange 
ment the number of mandrel revolutions required to pro 
duce one revolution of the cam 19 can be adjusted to 
produce shells of different lengths. In most instances it 
will be sufficient for the carriage to travel a maximum of 
1.5 meters. The gears 23 and 24 provide magnification of 
movement to convert the relatively short displacement 
provided by the cam follower 20 into the large move 
ment that is required of the carriage. 
With the embodiment shown in FIG. 3, it will be ad 

vantageous to provide a cam and its drive and driven 
gears which provide the necessary carriage movement to 
complete a full cycle. With a suitably constructed cam, it 
is possible to obtain a continuous variation in wall thick 
ness throughout the length of shell produced. A parabolic 
cam for example will produce a linear variation in speed 
of the carriage which in turn produces a straight line 
variation in wall thickness over the length of the shell 
produced. By way of example, it is possible to produce a 
straight line decrease in wall thickness from 8 mm. to 4 
mm. over a production shell length of 8 meters by suit 
ably reciprocating the carriage over a distance of 0.85 
meter. By suitably changing the shape of the cam, it is 
further possible to produce locally increased thicknesses 
of shell which otherwise has a straight line variation 
throughout its length. These locally thickened areas, for 
instance, can be used to provide recesses or form external 
stiffening ribs. 
By way of example, the apparatus shown in FIG. 3 

can be used to produce the shell shown in FIG. 4, which 
has locally spaced apart thickened areas. A reinforce 
ment material comprising glass fiber matting having a 
width of 40 centimeters and a band of roving confined 
to the center 12.8 centimeters of the matting is utilized. 
The cam. 19 is formed to move the carriage at a constant 
rate to the right for 3 revolutions of the mandrel and then 
return to the starting point at a constant rate during the 
next 5 revolutions. The cam thus rotates once for each. 8 
revolutions of the mandrel. The mandrel surface is dis 
placed 8 cm. per revolution so that a rib is produced every 
64 cm. The carriage travels 24 cm. forward, and 24 cm. 
backward and the pitch in the region between the ribs 
is therefore 8-24/5=12.8 cm. When using 40 cm. wide 
strips of mat, a total of 3 layers of mat is produced be 
tween the ribs with an additional overlap of 1.6 cm., and 
6 layers of mat are deposited in the areas of the ribs. If 
the 12.8 cm. wide roving band is confined to the center 
of the strip of matting, the surface of the shell that is 
produced between the ribs is reinforced by matting only, 
and the rovings are positioned centrally between inner and 
outer layers of the spirally wound matting. The ribs shown 
in the drawing can be massive, but it is further possible 
to introduce a form such as a cardboard core, an ex 
truded plastic form, or a foamed plastic form 26 having 
a length equal to the circumference of the shell during 
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the winding of the ribs. By way of example, feed rolls 
27 driven by a motor, not shown, can be started after 
the first layer of reinforcement material is applied to the 
region of the ribs to move the form 26 under the second 
and third layers of the reinforcement as they are applied 
to the mandrel. This increases the diameter of the center 
portion of the second and third layers of reinforcement 
material to increase the section modulus of rib that is 
produced. 
As previously mentioned, glass fibers can be substituted 

for some or all of the materials of the mat 11. This may 
be done using conventional "Spray-up' technique wherein 
chopped fibers are thrown into an air stream carrying 
droplets of resin and catalyst to cause the fibers to become 
wetted with resin and deposited on the surface of the man 
drel. The chopped fibers may be allowed to fall onto the 
top surface of the mandrel and the resin applied thereto 
or the chopped fibers may be deposited onto a continuous 
strand or mat that is fed to the mandrel. The apparatus 
which chops the fibers and sprays the resin is sometimes 
called a "chopper.” The stream of dispersed fibers and 
resin can be constant in output and cyclically varied in 
position during each rotation of the mandrel to produce 
pipe having longitudinal ribs. Oscillation of the stream 
can also be varied according to whole numbers of revolu 
tions to produce thin and thick sections of pipe. In this 
manner the input of raw material per unit of mandrel sur 
face will be varied to produce the thick and thin sections 
forming the longitudinal ribs. The cycle can also be varied 
according to both a fraction of a revolution and whole 
numbers of revolutions to produce a network of longi 
tudinal and circumferential ribs. 

In the embodiment shown in FIG. 5, a chopper 28 and 
the associated resin nozzle 29 of the "Spray-up' device dis 
charges downwardy onto a mandrel 30. The speed of the 
chopper and the speed of the resin pump which supplies 
resin to the nozzle 29 are synchronized with mandrel rota 
tion so that discharge thereof is proportional to the lateral 
speed of the mandrel. The chopper and resin nozzle which 
comprise a conventional "Spray-up' device is mounted on 
a slide 31 which moves along an angular rail 32 which is 
concentric with the surface of the mandrel. The slide 
31 is biased in a direction opposite to that of mandrel 
rotation by a coil spring 33 and is pulled along the rail 32 
by a chain 34 that is affixed to the slide by suitable bolts 
35. The other end of the chain is connected to a cam 
mechanism, not shown, but which is of the same general 
type as that shown in FIG. 3. The cam to which the chain 
is connected is driven at the same angular speed as is the 
mandrel 30. By this arrangement, the slide 31 is caused to 
travel back and forth on the rail 32 according to a cycle 
of movement which is determined by the shape of the cam. 
The device shown in FIG. 5 will now be described as it 

is used to produce a pipe having a longitudinally extend 
ing rib covering 30' of its circumference. The wall thick 
ness of the rib is approximately twice that of the remaining 
wall thickness. The cam, not shown, moves the slide along 
the track in the direction of the mandrel rotation, as shown 
by the arrow in FIG. 5, at a rate which is 4 that of the 
surface of the mandrel. The total movement of the slide 
is 30 and during this movement the mandrel rotates 60. 
Thereafter the cam allows the slide to be pulled in the 
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speed so that it reaches its starting point at the same time 
that the mandrel has revolved 360. It will be seen that 
the amount deposited in the area of the rib will be twice 
that which would be deposited if the slide were held sta 
tionary, and that the remaining 330 of the pipe will have 
a thickness which is 88%60 of the amount which would 
be deposited if the slide were held stationary. The rein 
forced area of the pipe therefore will have a wall thickness 
which is 72%80 of the remaining unreinforced wall thick 
ness of the pipe. The ratio of the thickness of the rib to 
the unreinforced area of the pipe can be varied over wide 
limits by appropriately changing the design of the cam. 
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It will now be apparent that the cam which produces the 

movement of the slide can be shaped for the formation of 
more than one longitudinal rib on each pipe and that 
the individual ribs can be made with different widths and 
thicknesses. It will further be seen that the chopped fibers 
and resin need not be deposited directly onto the mandrel 
but instead can be deposited on a band of reinforcing 
fibers that are carried to and wound onto the mandrel. 
In this case the upper spray nozzle is arranged to move 
laterally over the band of reinforcing fibers in a cycle that 
is repeated during each revolution of the mandrel. 

FIG. 6 is a pipe having 8 longitudinal ribs, and can be 
made with the device shown in FIG. 5 using a cam suitably 
formed and driven with respect to the mandrel. The cam 
is driven through a clutch which is disengaged at each end 
of the pipe where a pipe socket and a pipe spigot of uni 
form thickness are respectively produced. The shape of 
the mandrel and the amount of chopped fibers and resin 
used is regulated to provide clearance between the socket 
and spigot to receive the usual rubber O-ring seal. 
The embodiment shown in FIG. 7 is generally similar 

to the embodiment shown in FIG. 3, but differs principally 
therefrom in that the mechanism for translating 
the motion of the cam follower into movement 
of the carriage is hydraulically actuated. Those portions 
of the embodiment shown in FIG. 7 which correspond to 
portions shown in FIG. 3 are designated by a like refer 
ence numeral characterized further in that a prime mark is 
affixed thereto. 

In the embodiment shown in FIG. 7, the cam follower 
21 is affixed to the actuating rod 40 of the control valve 42 
of the hydraulic servomotor 44. The control valve 42 is 
located within an axially extending bore 46 of the piston 
rod 48 of the servomotor. The actuating rod 40 has lands 
50 and 52 which overlie the chamber ports 54 and 56 that 
communicate with the respective pressure chambers on 
opposite sides of the piston 58. A pump 60 supplies hy 
draulic pressure to a flexible line 62 communicating with a 
longitudinal passageway 64 in the rod 40. The passage 
way 64 communicates with the bore 46 outwardly of the 
land 50 and inwardly of the land 52. The bore 46 is 
stepped and the inner end of the actuating rod 40 projects 
into the inner reduced diameter portion of the bore 46. 
A flexible exhaust line 68 communicates with another 
passageway 70 in the actuating rod 40 which in turn com 
municates with the portion of the bore 46 between the 
lands 50 and 52. 

It will now be seen that when the cam follower 21 
moves the actuating rod 40 inwardly of the bore 46, pres 
sure is communicated through chamber port 54 to the 
outer side of the piston 58 while exhaust is communicated 
to the inner side of the piston 58 to make the piston move 
inwardly to follow the actuating rod 40. When the actuat 
ing rod 40 stops, the piston rod 48 continues to move a 
slight amount to center the control valve 42 and bring 
the land 50 again over the port 54. Movement thereafter 
ceases. When the cam follower 21 is moved outwardly, the 
land 52 is moved outwardly of the port 56 to communicate 
pressure to the chamber on the inner side of the piston 58 
while exhaust is communicated through port 54 to the 
outer side of the piston 58. This moves the piston 58 out 
wardly until ports 54 and 56 are again covered by the 
lands 50 and 52. It will now be seen that the piston 58 will 
follow the movement of the cam follower 21 in either 
direction. 
The movement of the piston rod 48 is delivered to the 

piston 72 of a large diameter hydraulic cylinder 74 to 
pressurize the fluid in its inner chamber 76. Fluid from 
the chamber 76 is delivered to a smaller diameter hydrau 
lic cylinder 78 to cause its piston 80 to move by a distance 
that is inversely proportional to the square of the diam 
eters of the pistons 72 and 80. Piston rod 82 transfers 
this motion to the carriage 6. A magnification of can 
follower movement is thus obtained to move the carriage 
by a greater but always proportional distance. A spring 
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or other device, not shown, can be used to bias the car 
riage 6' in the opposite direction to cause the hydraulic 
fluids to flow in the reverse direction when the cam fol 
lower 21 is retracted. It will now be seen that this em 
bodiment has the advantage of being able to effect move 
ment of the carriage 6' with great force, while exerting 
only a slight reaction on the cam 19. 

While the invention has been described in considerable 
detail, I do not wish to be limited to the particular em 
bodiments shown and described, and it is my intention 
to cover hereby all novel adaptations, modifications, and 
arrangements thereof which come within the practice of 
those skilled in the art to which the invention relates. 

I claim: 
1. The method of producing shells of nonuniform wall 

thickness comprising: rotating an envelope about a 
longitudinal axis to provide a first component of envelope 
movement while also moving the envelope longitudinally 
of said axis to provide a second component of envelope 
movement, causing the thickness of materials that is fed 
onto said envelope to be determined at least in part by 
the rate at which said envelope moves axially past mate 
rial feed means, moving said feed means to provide a 
component of movement in the same direction as one of 
said first and second components of envelope movement 
to produce an increase in shell thickness, a moving said 
feed means in the opposite direction to produce a de 
crease in shell thickness. 

2. The method of claim 1 wherein said feed means is 
cycled back and forth longitudinally of the envelope to 
produce a shell having a thickness which varies longitu 
dinally of the shell. 

3. The method of claim 1 wherein said feed means is 
cycled back and forth in the direction of envelope rota 
tion to produce a shell having longitudinal bands of dif 
ferent thicknesses. 

4. The method of claim 2 wherein a shell having bands 
of different thickness is made by cycling the feed means 
to sequentially move longitudinally of said axis to pro 
duce a band of thick wall section and to move in the 
opposite direction to produce a band of thin wall section. 

5. The method of claim 2 wherein a shell having a 
thick wall section, an intermediate thickness section, and 
a thin wall section is made by cycling the feed means to 
sequentially move longitudinally in the direction of enve 
lope travel to produce the thick wall section, to remain 
stationary to produce the intermediate section, and to 
move in the opposite direction to produce the thin wall 
section. 

6. The method of producing shells from spirally wound 
materials comprising: rotating an envelope which sur 
rounds a longitudinal axis at a uniform rate and simulta 
neously moving the envelope longitudinally of the axis 
with a predetermined longitudinal displacement for each 
revolution, feeding reinforcement material having a width 
at least twice the longitudinal displacement per revolu 
tion of the envelope onto said envelope from a carriage 
positioned to one side of the said envelope to wind the 
sheet material onto the envelope in an overlapping con 
dition to form a shell as the envelope passes longitudinally 
of said carriage, moving the carriage in the longitudinal 
direction of envelope displacement to provide a thick 
shell section, and moving the carriage in the direction 
opposite to envelope displacement to provide a thinner 
shell section. 

7. The method of claim 6 wherein said carriage is pro 
grammed to move in the same direction as the longitu 
dinal displacement of the envelope but at a slowel rate 
than the envelope to produce a thick shell section, is then 
held substantially stationary to produce a section of shell 
of intermediate thickness, and is thereafter moved in the 
opposite direction to produce a shell section of thinner 
thickness. 

8. The method of claim 6 wherein said carriage is 
programmed to move in the opposite direction to the 
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10 
longitudinal displacement of the envelope while feeding 
sheet material to the envelope at a rate which produces 
a desired general shell thickness and thereafter moving 
the carriage in the same direction as the envelope to pro 
duce a stiffening ring for the shell. 

9. The method of claim 8 wherein continuous strands 
of predetermined band width are fed with the sheet mate 
rial and the band width of the strands is selected to corre 
spond generally to a distance equal to the axial move 
ment of the envelope per envelope revolution plus the 
movement of the carriage in said opposite direction per 
envelope revolution to produce a uniform strand thick 
ness in the shell except in the area of the stiffening ring. 

10. The method of claim 9 wherein a form having a 
length equal to the circumference of the envelope is fed 
with the reinforcement material while the carriage is mov 
ing in the same direction as the envelope to produce a 
stiffening ring of increased section modulus. 

11. The method of claim 10 wherein said carriage is 
programmed to move with the envelope for at least two 
envelope revolutions and said form is fed to said envelope 
after one revolution of the envelope following the start 
of carriage movement in the direction of envelope dis 
placement. 

12. The method of producing shells with stiffening ribs 
thereon comprising: rotating an envelope which surrounds 
a longitudinal axis at a uniform rate and simultaneously 
moving the envelope longitudinally of the axis at a pre 
determined rate of longitudinal displacement for each 
revolution, feeding shell forming material onto said enve 
lope from a carriage past which said envelope advances at 
a relative rate that determines the thickness of the shell 
produced, moving said carriage longitudinally of said 
envelope at said predetermined rate of longitudinal enve 
lope displacement to form a stiffening rib, and moving 
Said carriage in the opposite longitudinal direction to form 
the shell adjacent the stiffening rib. 

13. The method of producing shells with longitudinally 
extending stiffening ribs thereon comprising: rotating an 
envelope which surrounds a longitudinal axis at a uni 
form rate and simultaneously moving the envelope longi 
tudinally of the axis at a predetermined rate of longitu 
dinal displacement for each revolution, feeding shell form 
ing material onto said envelope from a carriage past 
which said envelope advances, causing said rate of longi 
tudinal movement to be such that the desired shell thick 
ness is deposited on said envelope as said envelope ad 
vances past said carriage, moving said carriage relative 
to said envelope with a circumferential component 
adapted to thicken the deposited material into a longitu 
dinal rib, and moving said carriage in the reverse direc 
tion to provide a circumferential component which causes 
the deposited material to form a thinner shell section 
adjacent the longitudinal rib. 

14. The method of producing glass fiber reinforced 
plastic shells of nonuniform thickness, comprising: rotat 
ing an envelope which surrounds a longitudinal axis at a 
uniform rate and simultaneously moving the envelope 
longitudinally forward of the axis at a predetermined 
rate of longitudinal displacement for each revolution, 
feeding a band of generally parallel strands of glass fibers 
to the bottom of said envelope from a movable feed 
carriage and causing the band to wrap around said enve 
lope in an overlapping helix as said envelope rotates, 
feeding a strip of glass fiber mat to said envelope on top 
of said band of strands to cause said band of strands to 
secure said strip of mat to said envelope, moving said 
carriage longitudinally forward of said axis to generate 
a thick wall section, and moving said carriage longi 
tudinally in the opposite direction to generate a thinner 
wall section. 

15. The method of producing glass fiber reinforced 
plastic shells of nonuniform thickness, comprising: for 
wardly rotating an envelope which surrounds a longitu 
dinal axis at a uniform rate and simultaneously moving 
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the envelope longitudinally forward of the axis at a pre 
determined rate of longitudinal displacement for each 
revolution, feeding a band of generally parallel strands 
of glass fibers to the bottom of said envelope from a 
movable feed carriage and causing the band to wrap 
around said envelope in an overlapping helix as said 
envelope rotates, feeding a strip of glass fiber mat to said 
envelope on top of said band of strands to cause said 
band of strands to secure said strip of mat to said enve 
lope, moving said carriage circumferentially to generate 
a rib, and moving said carriage circumferentially in the 
opposite direction to generate a thinner wall section adja 
cent the rib. 
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